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Abstract: Hepatic sinusoidal obstructive syndrome (SOS) is a rare drug-induced fibrous occlusive hepatic
entity. Up to now, there is no perfect therapy to avoid SOS, therefore, new curative options are clearly needed.
The current research pointed to explore the probable protective effect of sildenafil against monocrotaline
(MCT)-induced SOS, and to further identify the underlying mechanisms. Sildenafil was given to rats for 7 days
orally (5 mg/kg/day). In the fourth day animals fasted and given 90mg/kg MCT. Twenty-four hours after last
dose of sildenafil administration, liver tissue and blood were collected to evaluate SOS. Results revealed that
sildenafil amended oxidative stress in liver tissue as indicated by the significant increase in hepatic GSH level.
Furthermore, sildenafil treatment significantly decreased the expression of liver sinusoidal endothelial cell
injury markers (hyaluronic acid (HA), Vascular Cell Adhesion Molecule-1 (VCAM-1), plasminogen activator
inhibitor-1(PAI-1) and CD34, plus platelet aggregation markers (CD41 and P-selectin), as well as serum
transaminases and hepatic caspase-3 activities. Additionally, macroscopic and histopathological examination
of liver tissue augmented our biochemical findings. In conclusion, sildenafil markedly reversed the complicated
and multifactorial pathophysiological state of SOS induced by MCT through its cytoprotective,
thromboresistance effect on hepatic sinusoidal endothelial cells. Thereby, sildenafil proves to be a promising
new therapeutic agent for SOS.
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process are mostly bio-transformed through
conjugation with GSH to non-toxic metabolites. In
zone 3, the hepatocytes have elevated concentrations

1. INTRODUCTION

Sinusoidal obstruction syndrome (SOS) is
vascular hepatic problems characterized by damage
in sinusoidal endothelium in zone 3 of liver acinus,
thatis  associated with partial or full occlusion of
small hepatic veins, therefore it has the previous
term of hepatic veno-occlusive disease (VOD). It is
one of the most horrific complications of
cytoreductive therapies through hematopoietic stem
cell transplantation (HSCT), that has more
prevalence in pediatric compared to adults, with
mortality rats reaching 80%. Other SOS etiologies
include adjuvant chemotherapy containing oxalipla
tin , intake of medicinal herbs or tea -containing
pyrrolizidine alkaloids, and using of tacrolimus in
liver transplants !.

The pathophysiology of SOS/VOD is highly
complicated and multifactorial. Severe depletion of
glutathione (GSH) in hepatocytes is the inciting event
in SOS incidence and increased risk. The toxic
metabolites of chemotherapeutic agents that result
from the hepatocellular cytochrome P450 metabolic

of cytochrome P450 and low levels of GSH, which
cause these cells to be more liable to the damaging
effect of these toxic agents and their metabolites 2.
Hepatic sinusoidal endothelial cells (HSECs) are
more sensitive than hepatocyte to toxic injury, and its
activation considered an initial key that trigger
multiple pathogenic pathways for SOS 2. Activated
HSEC:s release heparinase and increase expression of
matrix metaloprotinase-9 (MMP-9) that cause
breaking down of subcellular extracellular matrix
proteins and loss of intercellular tight junctions °.
These events also lead to intercellular gaps which
increase vascular permeability and allow leakage of
blood components into extravascular space of Disse
causing incremental withdrawal of endothelial lining,
aiding in narrowing and blockage in sinusoids.
Activated HSECs further initiate inflammatory
pathways through the expression and upregulation of
inflammatory and adhesion molecules such as tumor
necrosis factor-a (TNFa) and vascular cell adhesion

21

Cite this article: Mansour, M., Gad, A., Zaky, H., Abdel Baky, N. Repurposing of Sildenafil as Hepatoprotective in Sinusoidal Obstruction
Syndrome: Amendment of Endothelial Cell Damage and Inhibition of Platelet Aggregation. Azhar International Journal of Pharmaceutical
and Medical Sciences, 2021;1 (3):21 - 31. doi: 10.21608/aijpms.2021.206681

DOI : 10.21608/aijpms.2021.20668 1

https://aijpms.journals.ekb.eg/



Mansour et al, Azhar Int J Pharm Med Sci 2021; Vol 1 (3):21-31

molecule-1 (VCAM-1). The released cytokine and
chemokine from activated cells cause further harm
and damage to hepatocytes and HSECs. Damage to
HSEC:s initiate also a hypercoagulable condition, with
synthesis of tissue factor and plasminogen activator
inhibitor-1(PAI-1) 3. Both events contribute to
platelet aggregation and stimulate activation of other
clotting proteins within  hepatic sinsiodes 4, and
result in more narrowing of venous lumen, reduced
sinusoidal venous outflow, and  post-sinusoidal
portal hypertension. This cascade of events
culminates in the creation of SOS 3.

Animal models of SOS have greatly changed
during the last 50 years in both their aim and
methodology. Of these models, the monocrotaline
(MCT)-induced model of SOS has been most
extensivley utilized, especially in rats, which served
as the basis for both novel diagnostic and therapy
studies and has been modified over the last 20 years
to optimize its use. MCT is part of the poisonous
group of pyrrolizidine alkaloids (PAS), which are
present in many species of Crotalaria plants’.

Management of SOS has only focused on
symptomatic treatment, anticoagulant therapy, trans-
jugular intrahepatic portosystemic shunt (TIPS),
ending with liver transplantation depending on
severity of the disease. The single FDA-approved
therapy that is used only for severe cases is
defibrotide, despite of its use as a prophylactic
therapy, it remains under investigation® .

Sildenafil, a potent cyclic guanosine
monophosphate (cGMP)-specific phosphodiesterase
type 5 inhibitor, that commonly used to treat of
erectile dysfunction’. Sildenafil does not only act as
vasodilator, but also has additional actions on
endothelial, vascular cells, and platelets 8, by way of
reduction of thromboxane A, fibrinogen levels °,
reduce expression of proinflammatory cytokine as
TNFo and interleukin-1 beta '°, and inhibition of
oxidative stress !!. Additionally, data from several
reports confirmed that, increased levels of cGMP
prevent platelet aggregation, meanwhile inhibitors of
type 5 phosphodiesterase prevent aggregation and
adhesion of platelet in animal models 2.

The current research was carried out to improve
survival of SOS patients. We focused our thoughts on
finding novel uses for an existing drug that is known
as drug repositioning, via using sildenafil in treatment
of MCT-induced SOS. Hopefully, we could find
answers for research questions: if sildenafil has a
promising hepatoprotective value against SOS caused
by MCT and what are underlying mechanisms
implicated in this protective process.

2. METHODS
2.1. Animals:

Adult male Sprague-Dawley rats, weighing 200
+ 20 obtained from the Animal Homes of the

Egyptian Drug Authority (EDAs), formerly NDCAR,
Giza, Egypt were used in this research. The rats
housed in constant temperature (23 +1°C),
humidity (60 + 10%), and a 12/12 h light/dark cycle at
controlled environmental conditions. They were
adapted for 1 week prior to experimentation plus were
allowed standard rat chow and water ad [libitum.
Animal FEthics Committee of the Faculty of
Pharmacy, Al-Azhar University, Egypt, approved the
experimental protocol used in this research (No.
203/2018).

2.2. Drugs and Chemicals:

Monocrotaline (MCT) and sildenafil (SLD)
were obtained from Sigma-Aldrich Co. (St. Louis,
MO, USA). All of the other chemicals used were of
the highest commercially available quality.

2.3. Experimental Design:

A single dose of MCT (90mg/kg) was given in
the fourth day of the experiment to induce SOS'3 . The
animals were fasted for 12 hr before receiving MCT.
Rats were randomly divided into 4 groups (n=6 per
group) and were treated according to the following
scheme:

Group (1): Animals received saline oral via gavage
for 7 days and considered as normal control group.
Group (2): Animals received saline oral via gavage
for 7 days, and in the fourth day rats were fasted for
12 hr then received MCT (90mg/kg) orally by gavage
once.

Group (3): Animals received 5 mg/kg sildenafil
orally ' for 7 consecutive days and in the fourth day
animals were fasted for 12 hr, then received MCT
oral via gavage once.

Group (4): Animals received sildenafil oral via
gavage for 7 days.

Animals were anaesthetized and blood samples
were taken from the retro-orbital plexus twenty-four
hours after the last dose of sildenafil was
administered. For hematological analysis, some blood
samples were collected in sterile specimen tubes
containing EDTA, while for serum preparation, blood
was collected in non-heparinized tubes and allowed to
clot for 30 minutes at room temperature. After that,
the serum was isolated by centrifugation at 3000 rpm
for 15 minutes and used to test liver functions. The
rats were euthanized via cervical disclosure, and the
liver tissues were removed, washed in ice cold saline,
and blotted dry. For histopathological analysis, a
sample of each liver tissue was fixed in 10% formalin.
For the evaluation of various biochemical markers,
other specimens were homogenized in phosphate
buffered saline (PBS), pH=7.4.

2.4. Morphological Examination:

Every group's animals were euthanized, then the
abdominal organs were inspected through a midline
incision. The livers were easily removed, rinsed with
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ice-cold phosphate-buffered saline (pH 7.4) to
remove any blood, blotted dry with a paper towel, and
photographed.  Each  liver was  examined
macroscopically on the surfaces from all groups of the
rats and the accumulation of peritoneal fluid and the
color of the liver was recorded.

2.5. Biochemical Analysis:
2.5.1. Hepatic oxidative stress markers

Reduced glutathione (GSH) was measured by
industrial kits (Biodiagnostic, Cairo, Egypt). The
entire procedure was carried out in accordance with
the manufacturer's instructions.
2.5.2. Blood chemistry

Red blood cells, white blood cells, hemoglobin,
platelets, and neutrophils were counted using an
automated blood cell counter (Celltac MEK-6458;
NihonKohden, Tokyo, Japan).
2.5.3. Enzyme-linked immunosorbent assay (ELISA)

To obtain 10% homogenate, liver tissues were
homogenized in ice-cold PBS (pH=7.4), then
centrifuged for 15 minutes at 5,000 rpm and 4 °C. The
obtained supernatant was used to measure lactate
dehydrogenase (LDH) (Catalog # CSB-E11324r,
Cusabio Biotech Co., Ltd.), vascular cell adhesion
protein 1 (VCAM-1) (Catalog # CSB-E07275r,
Cusabio Biotech Co., Ltd.), plasminogen activator
inhibitor 1  (PAI-1) (Catalog #  CSB-
E07948r,Cusabio Biotech Co., Ltd.), and caspase-3
(Casp-3) (Catalog # E0280Ra, Bioassay Technology
Laboratory, Shanghai, China), hyaluronic acid (HA)
(Catalog # MBS727090, MyBiosource, San Diego,
CA, USA), sandwich ELISA kits were used according
to the manufacturer's instructions.
2.5.4. Protein expressions of CD34, CD41 and p-
selectin using Western Blotting

Briefly, TRIzol reagent was used to extract
CD34, CD41 and p-selectin proteins. The Bradford
method was used to determine protein concentrations.
SDS-PAGE gel electrophoresis was used to separate
proteins, which were then transferred to nitrocellulose
membranes. The primary antibodies used are for
CD34 (Catalog # PAS5-89536, Thermo Fisher
Scientific, USA), CD41 (Catalog # PAS5-79527,
Thermo Fisher Scientific, USA), P-selectin (Catalog
# PAS5-86855, Thermo Fisher Scientific, USA). A
secondary horseradish  peroxidase conjugated
antibody (Thermo Fisher Scientific, USA; Catalog #
G-21234) was used to visualize the protein-antibody
complex. X-ray films were used to capture the
chemiluminescence produced. A luminescent image
analyzer (FUJIFILM LAS-4000, Japan) was used to
scan the films, and bands were quantified using Image
J software. For CD34, CD41, and p-selectin, the
results were expressed as arbitrary units after
normalization for B-actin protein.
2.5.5. Assessment of liver biomarkers

Using commercially available kits (Spectrum
diagnostics, Cairo, Egypt), the concentrations of
alanine aminotransferase (ALT), aspartate
aminotransferase (AST), albumin, and direct bilirubin
in the blood were determined calorimetrically.

2.6. Histopathological Examination

Liver specimens were immediately fixed in 10%
neutral buffered formalin, then dehydrated in
ascending grades of ethanol, cleared in xylene and
embedded in paraffin. Sections of three 4-micron
thickness were cut and stained with hematoxylin and
eosin before being studied under a light microscope
15, To avoid prejudices, all histopathologic steps and
specimen evaluations were carried out by an
experienced observer who was blinded to the identity
of the samples examined.

2.7. Statistical Analysis

The mean + standard deviation (SD) are used to
express the results. A one-way ANOVA followed by
Tukey as post-hoc test were used for multiple
comparisons. Statistical significance was described as
a p value of less than 0.05. Graph Pad Prism software
version 5(San Diego, CA, USA) was being used for
statistical analysis. Correlation coefficients were
determined by linear regression analysis. The graphs
were created with the Graph Pad Prism (versionS5).

RESULTS
3.1. Sildenafil attenuated oxidative stress in MCT-
induced SOS in rat’s liver.

Monocrotaline intoxication significantly
heightened LDH levels by 333.2%, when compared
to control group. Meanwhile, sildenafil treatment
returned LDH levels to normal values as compared
with that of MCT group. Furthermore, MCT
significantly reduced hepatic GSH content by 81.6 %
as compared to control group. while sildenafil
treatment afforded significant protection against
MCT intoxication and restored normal GSH content
(Fig.1).

3.2. Sildenafil attenuated hepatic sinusoidal
endothelial cell injury in MCT- induced SOS in
rat.

Monocrotaline administration induced
significant rise in hepatic HA by 478% and VCAM-1
levels by 210% associated with a significant elevation
of PAI-lcontent by 128% as compared to control
group. PAI-1 act as endothelial injury marker that
release following damage to HSEC and/or activated
platelets nonetheless, sildenafil treatment completely
abolished these effects (Table 1).

Moreover, protein expression of CD34 was
assessed using western blot technique (Fig.2). which
reflects sinusoidal capillarization in liver tissue and
can be used to distinguish between healthy and
damaged sinusoidal endothelium. MCT induced
significant increase in CD34 expression by 441.5 %
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in comparisons to control group. In contrast, a
significant decline in sildenafil treated group was
noticed.

Iepatic GSIHI
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Figure 1. Sildenafil attenuated oxidative stress and
apoptosis in MCT- induced SOS in rat’s liver.

Each column reflects the mean of 6 animals = S.D. One-
way ANOVA was used for statistical analysis, followed by
the Tukey- multiple comparison test as post-hoc test. *p<
0.05 vs control (CONT) group, *p< 0.05 vs monocrotaline
(MCT) group. Where, CONT; control, SLD; Sildenafil,
MCT; monocrotaline, GSH; reduced glutathione, LDH; lactate
dehydrogenase, Casp-3; Caspase-3.

3.3. Blood chemistry

Administration of MCT showed a substantial

decrease in hemoglobin, RBC counts and platelet
counts by 48%, 31.5%, 37%, respectively when
compared to control group.
These changes were significantly attenuated in
sildenafil treated group. However, WBC and
neutrophils counts significantly increased in the MCT
group by 215.2% and 283.6%, respectively and these
elevations were suppressed in the sildenafil treated
group (Table).

Parameters

Groups

HA
(ng/mg protein)

VCAM-1
(ng/mg protein)

PAI-1
(Pg/mg protein)

CONT

12.64+2.06

32.74+2.45

139.2+19.56

MCT

73.07+6.64*

101.5+4.17*

318+29.07*

SLD+MCT

31.07+4.602P

52.85+2.922b

193+6.142P

SLD

12.56£1.09"

28.25+1.43P

122.4+5.89"

Table 1. Effect of sildenafil on HA, VCAM-1 and PAI-1 in MCT induced SOS in rats.

Each values indicate the mean of 6 animals = S.D. One-way ANOVA was used for statistical analysis, followed by the Tukey- multiple
comparison test as a post-hoc test. ®p< 0.05 vs the control (CONT) group, ®p< 0.05 vs the monocrotaline (MCT) group. Where, CONT;
control, SLD; Sildenafil, MCT; monocrotaline, VCAM-1; Vascular cell adhesion molecule 1, PAI-1; Plasminogen activator inhibitors-1.

Table 2. The effect of sildenafil on hemoglobin level, RBC, platelet, WBC and neutrophils counts in MCT-induced SOS in

rats.
arameters | Hemoglobin | RBC Platelet WBC Neutrophils
Groups (g/dL) (10%uL) (10°uL) (10°uL) (10°uL)
CONT 15.98+0.76 8.+0.74 946.7+156.9 5.51+1.081 0.79+0.15
MCT 8.320+£0.89* | 5.59+0.40? | 596.0+£39.29° 17.36+2.42% 3.05+0.66*
SLD+MCT 16.02+0.95° | 8.69+0.74> | 932.2+141.0° 6.14+P1.16 0.67+0.01°
SLD 14.30+1.51 7.59+1.09 904.0+118.7 6.62+1.01 0.72+0.10

Each value represents the mean of 6 animals + S.D. The one-way ANOVA was used in the statistical analysis, followed by
the Tukey multiple comparison test as a post-hoc test . %p< 0.05 vs control (CONT) group, *p< 0.05 vs monocrotaline (MCT)
group. Where, CONT; control, SLD; Sildenafil, MCT; monocrotaline, HB; hemoglobin, RBC; red blood cell, WBC; white

blood cell.
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Table 3. Effect of sildenafil on ALT, AST, albumin, and direct bilirubin in MCT induced SOS in rats.

Parameters ALT AST Albumin Direct
(U/mL) (U/mL) (g/dl) bilirubin
Groups (mg/dl)
CONT 26.15+3.68 71.2+11.9 3.87+0.09 1.49+0.30
MCT 144.2+30.842 112.0+13.10? 2.08+ 0.46* 2.19+0.51°
SLD+MCT 62.91+15.12*" 64.27+9.40° 3.50+0.68° 1.19+0.44"
SLD 18.53+3.52 76.31+7.99 3.84+0.18 1.31+0.19

Each values indicate the mean of 6 animals + S.D. A one-way ANOVA study accompanied by Tukey Multiple Comparison
tests as a post-hoc test were performed. p< 0.05 vs control (CONT) group, °p< 0.05 vs monocrotaline (MCT)group.Where,
CONT; control, SLD; Sildenafil, MCT; monocrotaline, ALT; alanine aminotransferase, AST; aspartate aminotransferase.

protemn expression of CD34
pression of CD41

CD34 CD41 p- selectin
Beta-actin Beta ac;in
s a

Protein expression of

Figure2. Western blot analysis of CD34, CD41, and P-selectin expression in MCT-induced SOS in rats revealed a substantial

increase that was attenuated by sildenafil therapy.

One-way ANOVA was being used for statistical analysis, followed by the Tukey- multiple comparison test as a post-hoc test.
3p< 0.05 vs control (CONT) group, °p< 0.05 vs monocrotaline (MCT) group. Where, CONT; control, SLD; Sildenafil, MCT;

monocrotaline.

3.4. Sildenafil attenuates platelet aggregation in
MCT-induced SOS in the liver of rats.

The effect of sildenafil on the platelet aggregation
cascade was elucidated by studying its effect on CD41
protein expression and P-Selectin to detect activated
platelets and damaged vascular endothelial cells
proteins using western blot technique. MCT showed
a sharp increase in liver CD41 and p-selectin
expression by 417% and 523%, respectively when
compared to control. However, treatment with
sildenafil prevented this increase to a large extent
(Fig2).

3.5. Histopathological Examination

Microscopic examination to liver sections of
control rats stained with H&E revealed that the central
vein and precentral hepatocytes were normal
histologically. In comparison, the MCT group
demonstrated multiple focal necrosis and diffuse
Kupffer cell activation as well as hemorrhages all
over the parenchyma associated with extreme
congestion in the hepatic sinusoids. Conversely,
administration of sildenafil with MCT resulted in

attenuation of the pathological changes induced by
MCT in the liver where activated Kupffer and few
necrobiotic changes of some hepatocytes were
detected (Fig.3).

3.6. Sildenafil attenuates apoptosis in MCT-
induced SOS in rat’s liver.

Caspase-3 activity was significantly higher in
the MCT group by 87.6% as compared to the control
group. Surprisingly, this elevation was averted by
sildenafil treatment (Fig.1).

3.7. Liver Morphology

At forth day after MCT administration,
macroscopic liver findings in the MCT group
revealed bloody peritoneal fluid, ascites, and the liver
surface appeared congested and dark red relative to
the control, indicating the production of SOS. These
changes were less pronounced in the sildenafil-treated
group (Fig. 4). but liver surface in sildenafil alone
group appeared like control.
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Figure 3. Histopathological examination of rat liver
sections stained with H&E and grading of histopathological
alterations in all treatment groups.

CONT — Photomicrograph of control groups liver section
viewing typical hepatic architecture, hepatocyte structure
and central vein (CV). MCT— Photomicrograph of liver
section of monocrotaline group showing multiple focal
necrosis (n) with haemorrhages (h) in the parenchyma and
showing severe congestion in sinusoids in focal manner.
SLD+ MCT— Photomicrograph of liver section of
sildenafil co-treated group showing central vein dilatation
while the parenchyma showed few focal necrosis (n) and
diffuse Kupffer cells proliferation (k) were detected in
between hepatocytes. SLD— Photomicrograph of sildenafil
group only liver section display regular hepatic
architecture and hepatocyte structure.

| (SLD#MCT

Figure 4. Macroscopic results in the normal livers of a
control rat (CONT) plus a rat with MCT-induced SOS
(MCT) and rat treated with sildenafil (SLD+ MCT).

MCT revealed a buildup of bloody ascites. Furthermore, the
liver surface was dark red in colour, which was reduced in

(SLD+MCT) when sildenafil was
monocrotaline.

combined with

3.8. Liver enzymes and liver function

Monocrotaline administration induced marked
hepatic damage proved by the significant elevations
in serum ALT & AST activities by 451% and 57.7%
respectively, while, treatment with sildenafil
decreased these elevations as compared to MCT
group. Also, MCT disrupted the synthetic functions
of the liver, as evidenced by the significant reduction
serum albumin level by 46.29% and a significant
increase in serum direct bilirubin by 45.70%as
compared to CONT group. On the other hand,
sildenafil treatment counteracted the reduction of
albumin level and the elevation of direct bilirubin
level as compared to MCT group (Table.3). These
mean that after around 96 hr or four days of MCT
administration, hepatic damage has reached a
maximum.

3.9. Correlation Studies

The estimation of ALT concentration as a
specific indicator for liver damage induced by MCT
in SOS rat liver was appeared to be directly correlated
with the content of AST, albumin, GSH, LDH, HA,
VCAM-1, PAI-1, HB, CD34, CD41, P-selectin and
Caspase-3 (r = 0.8084, r= -0.8169, r = -0.8990, r =
0.8427,r=0.9786,r=0.9819,r=0.9323,r=-0.9234,
r= 0.9859, r= 0.9816, = 0.9600 and r= 0.8501
respectively, p < 0.0001) as shown in Fig. 5 (a-1).
GSH depletion was linked to an increased risk of
SOS, so we calculated GSH levels and discovered that
they were closely correlated with the content of ALT,
AST, Albumin, LDH, HA, VCAM-1, PAI-1, HB,
CD34, CD41, P-selectin and Caspase-3 (r = -0.8827,
r=-0.7893, r = 0.8686, r =-0.8963, r =-0.9154, r = -
09193, r = -0.8967, r = 0.9119, r= -0.9290, r= -
0.9286, r=-0.9309 and r= -0.8824 respectively, p <
0.0001) as shown in Fig. 6 (a-1).

4. DISCUSSION:

Hepatic sinusoidal obstructive syndrome (SOS)
is a rare fatal clinical disease that primarily evolves
from injury in hepatic sinusoidal endothelial cells
preceding coagulative necrosis of hepatic cells. Few
therapeutic strategies are approved for SOS
management !. Given the great importance of seeking
medication for SOS, we highlighted the urgent need
for new therapies to protect the liver and to increase
the survival of SOS patients. The current research for
the first-time sheds light on the promising
hepatoprotective effect of sildenafil against SOS, and
clarified its possible underlying mechanisms by
analyzing its effect on oxidative stress, hepatic
sinusoidal endothelial cells injury markers, blood
chemistry, platelets aggregation markers, apoptosis as
well as histopathological and morphological
examination of liver tissue.
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Figure 5. Correlation study and correlation coefficients
between serum ALT level and AST (a), Albumin (b), GSH
(c), LDH (d), HA (e), VCAM-1 (f), PAI-1 (g), HB (h),
CD34 (i), CD41(j), P-selectin (k) and Caspase-3 (1) in liver
tissues of MCT-induced SOS in rats. Linear regression
analysis (0.0001) was used for statistical analysis.

To address our aim, MCT was used to induce
SOS. MCT induces the same histological liver
characteristics and similar symptoms like human
SOS !¢, and it is considered as a reproducible model
that facilitates studying the mechanism of the disease.
MCT is a pyrrolizidine alkaloid that metabolized
hepatically by cytochrome P450 into an alkylating
agent. The reactive metabolite is
dehydromonocrotaline, also called MCT pyrrole,
that binds covalently to actin inside the
endothelial cell V7, is detoxified by conjugation with
GSH. As GSH is the primary defense ligand in
HSECs, the primary insult for MCT induced SOS is
glutathione depletion 8.  In our study MCT
significantly reduced hepatic GSH content and
increased LDH level while treatment with sildenafil

restored normal GSH content and reduced LDH levels
to normal values ',

Another main event in MCT induced SOS that
appeared in the first hours after MCT

administration is the alteration of hepatic sinus
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Figure 6. Analysis of Correlation and Correlation
coefficients between serum GSH level and ALT (a), AST,
(b) Albumin (c), LDH (d), HA (e), VCAM-1 (), PAI-1 (g),
HB (h), CD34 (i), CD41(j), P-selectin (k) and Caspase-3 (1)
in liver tissues of MCT-induced SOS in rats. Linear
regression analysis < 0.0001 was being used for statistical
analysis.

structure *  and was documented in our result as a
significant rise in hepatic HA level. Damage to
HSECs impairs its ability to eliminate HA from the
circulation, resulting in  an increase in HA
concentration  *.Contrarily, administration  of
sildenafil counteracted MCT-induced elevation in
HA level.

CD34, is an intercellular adhesion protein that is
used to detect the presence of sinusoidal
capillarization in liver tissue plus differentiating
damaged and healthy sinusoidal epithelium . In this
study, MCT induced significant increase in CD34

27
https://aijpms.journals.ekb.eg/



Mansour et al, Azhar Int J Pharm Med Sci 2021; Vol 1 (3):21-31

protein expression. Interestingly, treatment with
sildenafil significantly decline hepatic CD34 protein
expression in MCT treated rats. This finding is in
the same line  with the data of Hunt 2° who reported
that sildenafil manipulates sinusoidal endothelial
cells fenestration in young and old liver.

Plasminogen activator inhibitors-1 serves as
endothelial injury marker that release after injury in
HSEC and/or activated platelets. It is used to diagnose
and predict the severity of SOS 2!, In our study, MCT
treatment induced a significant elevation in PAI-1
content, while sildenafil treatment completely
abolished this effect. Our result is in accordance
with other previous reports 22. These data may signify
the inhibitory effect of sildenafil on SOS development
through protection of endothelial cells.
In various experimental models, MCT has been
shown to increase oxidative stress and inflammation
23

Endothelial cell damage and vascular
permeability are exacerbated by oxygen free radical-
mediated inflammation®*. Injured HSECs can attract
white blood cells and adhere to inflammatory sites?>.
VCAM-1 is one of the recruited adhesion molecules,
and it plays an important role in the occurrence of
SOS 28, In our study, MCT treatment heightened
hepatic VCAM-1 level, meanwhile, sildenafil
treatment completely hampered this elevation. Our
data is in line with Ibrahim 27, who reported that,
sildenafil reduced ICAM-1 and VCAM-1 levels in
Alzheimer's disease rats. Sildenafil was documented
to exhibit hepatoprotective effects by modulating
antioxidant and inflammatory signaling pathways
such as P3s-MAPK/NF-kB/iNOS and Keap-1/Nrf-2
28

Modification of HSECs morphology and
destruction  of sinusoidal lining disturb hepatic
microcirculation by changes in HSEC morphology
and the degradation of sinusoidal lining ¥. The
concentration of hemoglobin in the blood was
measured in order to quantify the degree of liver
hemorrhage after MCT treatment. MCT treatment
significantly decreased hemoglobin, platelet, and
RBC counts. Meanwhile it markedly increased WBC
and neutrophils counts. These changes were
significantly attenuated in sildenafil treated group.
These results are in line with those of other studies 3.
Aggregation of platelets in the extra-sinusoidal
(Disse’s) space and endothelial damage have been
shown to play a significant role in SOS exacerbation
13, The effect of sildenafil on the platelet aggregation
cascade was studied by looking at how it affected the
expression of the CD41 protein and P-selectin, which
are used to detect activated platelets and damaged
vascular endothelial cells. In the current study, CD41
and P-selectin expressions were elevated in the MCT
group. Meanwhile, treatment with sildenafil reduced

CD41 and P-selectin expressions. Additionally, the
count of platelets in the MCT group was significantly
reduced, yet this reduction was significantly
suppressed in sildenafil treated rats. These results
were in keeping with the work done by !* and
Mandosi 3°,who concluded that sildenafil reduces P-
selectin  through improving the endothelial
dysfunction. Sildenafil has been demonstrated to
improve vasodilatation and blood flow of tissue by
relaxation of smooth muscles of the blood vessels,
increasing new capillary formation, inhibiting platelet
aggregation, and improving microcirculation.

Inhibition of apoptosis and activation of cell-
survival signal play an important function in
maintaining the viability of endothelial cells 3!. MCT
was shown to induce apoptosis in liver cells 32. Our
results agree with the aforementioned data, where
MCT treatment significantly increased level of the
apoptotic marker caspase-3%. Treatment with
sildenafil considerably decreased the activity of
caspase-3 in MCT treated rats. By inhibiting
apoptosis, sildenafil has been shown to alleviate post-

resuscitation myocardial and intestinal
microcirculatory  dysfunction 33, as well as
hepatocellular damage after liver ischemia

reperfusion 34 In CCl4-mediated hepatotoxicity,
sildenafil also had a hepatoprotective role and
induced liver regeneration *°.

The histopathological examination of liver
architecture verified our biochemical findings, as it
revealed numerous focal necrosis with diffuse
Kupffer cells activation and hemorrhages in all over
the hepatic parenchyma associated with extreme
congestion in the hepatic sinusoids of MCT treated
group. Conversely, administration of sildenafil
resulted in attenuation of these pathological findings
induced by MCT in liver cells. This is line with the
observations of 3¢ who concluded that sildenafil
prevents the progression of SOS in rats following
oxaliplatin-based chemotherapy.

The protective effect of sildenafil was further
mirrored in the macroscopic appearance of liver tissue
in the sildenafil treated group, which showed much
less hemorrhagic, congestion and ascetic fluid in the
abdominal cavity as compared to the MCT treated
group during first 96 hours of MCT administration.
MCT-induced hepatic injury was further confirmed
by the significant elevation in serum markers of
hepatocellular injury as ALT and AST. These changes
were further accompanied by a disruption in liver
functions as evidenced from the marked reduction in
serum albumin and concomitant increase in serum
direct  bilirubin.  Treatment with sildenafil
counteracted the aforementioned changes that was in
line with data of previous reports 3738,
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Lastly, the current results documented 1) Normal liver architecture 2) MCT induced multiple cascade
significant correlations between serum ALT activity involving depletion GSH, hepatocytes death, subsequently,
and GSH level with AST, albumin, LDH, HA, activation of hepatic sinusoidal endothelial cell that upregulate
VCAM-1, PAI-1, HB, CD34, CD41, P-selectin and adhesion of surface molecules and accompanied by alterations of
caspase-3. In humans and preclinical research, serum coagulation pathways resulting in increase in HA, VCAM-1,
ALT activity has been widely used as a significant PAI-1 level and expression of CD34, CD41, P-Selectin,
biomarker for liver injury 3°, and GSH depletion has furthermore caspase-3 activation which contributes to apoptosis
been suggested as a common mechanism causing and is involved in SOS pathogenesis. All these events leading to
SOS*. Thus, we performed a correlation study for the development of hepatic sinusoidal obstruction, micro-vessel
first time between these parameters. The present occlusion and marked hepatic damage proved by elevations in
findings are similar with other previous studies that ALT & AST activities and alteration in blood picture 3) sildenafil

found clear associations between SOS pathology administration amended
inhibited platelet aggregation and oxidative stress in liver tissue

score and ALT, AST, and direct bilirubin !

sinusoidal endothelial cell damage,

In addition, Park 4 reported that, injury of and restored normal hepatic architecture.

sinusoid and lobular inflammation grades were
correlated to liver shear wave velocity (SWV).
Likewise, a correlation was reported between ALT
activity and other parameters that confirm hepatic

damage in acute liver toxicity ¥
5. Conclusion:
Conclusively, our experimental and

correlational designs shed the light on a promising
hepato protective action of sildenafil against hepatic
SOS induced by MCT. Our results proved for the first

time that, sildenafil markedly reversed this
pathophysiological state through its hepatic
sinusoidal endothelial cytoprotective,

thromboresistance and antioxidant, effects. As the use
of sildenafil increased hepatic GSH level and
decreased platelet aggregation. A controlled clinical
trial is needed to investigate the potential of these
findings in patients with SOS.
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Figure 7. Graphical abstract recap the underlying
mechanisms complicated in sildenafil hepatoprotective
effect in SOS model.
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